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ABSTRACT
Both CNS derived cancer cells and progenitor cells 
naturally occur in a clustered morphology. The 
clustering dynamics as well as the effect of 
clustering on cell migration to a chemokine have 
been examined. It has been shown that varied 
CNS derived cell types including medulloblastoma 
derived progenitor cells (MGPCs), 
medulloblastoma cells (MB) and retinal progenitor 
cells (RPCs) cluster predictably over time in vitro, 
show increased receptor activity when stimulated 
with a known chemoattractant SDF-1α(CXCL12), 
show increased Connexin 43 expression with 
increased SDF-1α-CXCR4 binding, and have 
increased motility for both single cells and clusters 
when stimulated with SDF-1α. The data indicate 
that the three cell types tested possess similar 
behavior as clusters and single cells, indicating 
that the clustering model is adequate and 
preferable given its closer approximation to the in 
vivo state.  
The clustering behavior of MGPCs in vitro more closely 
approximates the natural condition for tumor cells in vivo. 
The upregulation of CXCR4 after exposure to SDF indicates 
increased activity of pathways implicated in cell survival and 
proliferation (PI3K/Akt/mTOR), and cell migration 
(RAS/RAF/MEK). The mediation of Connexin 43 in 
conjunction with SDF-1α has been shown in stromal cells4 
and breast cancer cells5, and now CNS derived cells. It may 
play a critical role in migration as mediated through cell-cell 
contacts. Results indicate that clusters form at higher cell 
densities and these clusters exhibit directed chemotaxis. The 
study of MGPC, RPC and MB cluster behavior partially 
elucidates the mechanistic and biochemical paradigms of 
cell migration, infiltration and possibly differentiation within 
the CNS.  
• All cells showed an increase in cluster size over time and with increasing plating  
density. 
• Each cell type showed a unique trend for change in cluster number over time. 
The ability of CNS tumor and progenitor cells to be studied 
in a clustered morphology allows a more accurate appraisal 
of cell-cell interactions and migration behavior. Upregulation 
of Connexin 43 via SDF-1α stimulation indicates cell 
communication, which , along with activation of the 
RAS/RAF/MEK pathway, may play a crucial role in RPC 
infiltration, as well as cancer maintenance and proliferation. 
Approximating the in vivo condition by culturing cell clusters 
has allowed for the study of unique cell behaviors as they 
relate to cellular communication in response to chemical 
stimulation, which represents a new avenue for targeting 
cancers and increasing the efficacy of RPC injection. 
Standard cell culture in neurobasal medium (NBM) was used 
to observe clustering over 48 hours in a PC well plate. 
Immunocytochemistry (ICC) was used to access the 
presence of CXCR4 and Connexin 43 on the cell surface 
after stimulation with SFD-1α (10kDa). A microfluidic channel 
was used to expose cells to a 0 to 100 ng/mL SDF-1α
gradient over 24 hours, and timelapse microscopy was used 
to access migration distance. The system was modeled 
using the following equations3:
An illustration of the µLane channel can been seen in Figure 
2, with the corresponding gradient profile in Figure 3. 
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Necessary future work includes downstream studies of the 
SDF-1-CXCR4 binding pathway with CNS derived cells. 
Knockdown models would allow for determination of the 
specific molecular mechanisms of cluster migration. Other 
chemoattractants known to be prevalent in CNS cancers 
such as EGF and HGF may also be investigated for their 
impact on clustering behavior. 
RPC SDF- RPC SDF+
Mean Mean
Avg cluster size 
(um^2) 10^4 n/a 798.33
10^5 n/a 1426.57
10^6 n/a 2708.56
% cluster 10^4 n/a 3.19
10^5 n/a 24.23
10^6 n/a 37.99
Accumulated 
Distance (um) single 10^4 320.30 357.63
10^5 409.86 491.07
10^6 408.72 435.14
cluster 10^4 76.12 268.25
10^5 271.41 400.58
10^6 479.03 293.29
Length of center of 
mass (um) single 10^4 40.44 46.10
10^5 26.99 43.10
10^6 40.94 61.53
cluster 10^4 10.70 22.97
10^5 44.20 62.45
10^6 68.91 57.04
MB SDF- MB SDF+
Mean Mean
Avg cluster size 
(um^2) 10^4 n/a 1089.58
10^5 n/a 6470.00
10^6 n/a 5225.23
% cluster 10^4 n/a 40.71
10^5 n/a 42.01
10^6 n/a 93.13
Accumulated 
Distance (µm) single 10^4 145.85 186.62
10^5 161.87 144.48
10^6 72.65 244.49
cluster 10^4 212.73 221.58
10^5 230.49 185.32
10^6 82.99 302.01
Length of center of 
mass (µm) single 10^4 28.36 42.39
10^5 66.57 43.63
10^6 17.77 118.40
cluster 10^4 43.94 35.89
10^5 30.17 64.35
10^6 20.58 89.19
Figure 2. μLane channel for studying cell response to growth factor gradients.
Figure 4. Cell clustering over time at 0 (A1-C1), 24 (A2-
C2), and 48 (A3-C3) hours. 
Figure 6. ICC for CXCR4 after SDF-1 stimulation at 10^4 (A1-C1), 10^5 (A2-C2), 10^6 (A3-C3) cells/mL, and 
quantification (A4-C4). Green and red indicate CXCR4 and blue indicates cell nuclei. All scale bars 50µm.
Table 2. MB cluster behavior and motility parameters in a 
microchannel.
Figure 8. Cells plated at varied densities in the uLane device. All scale bars 250µm. 
Figure 7. ICC for Connexin43 as single cells (A1-C1), as clusters (A2-C2), and quantification (A3-
C3). Green and red indicate Connexin 43 and blue indicates cell nuclei. All scale bars 50µm.
Table 1. MB cluster behavior and motility parameters in a 
microchannel.
• Cells showed an increase in CXCR4 surface expression after exposure to SDF-1α.
• Increase in receptor expression did not correlate with cell seeding density
• Connexin 43 was moderately upregulated with SDF-1 stimulation for each cell type, but 
there was no difference between single cells and clusters.
• Increase in Connexin 43 expression indicates increased cell-cell communication
• Cells showed an increase in directed motility under a SDF-1α gradient. The increase in 
cluster motility relative to control was greater than single cells to control. MGPCs remained 
in tight clusters preventing accurate migration data to be obtained. 
• Coordinated movement of clusters toward SDF-1α is indicative of physiological conditions.  
Figure 5. Cell cluster analysis over time. Cluster 
density (A1-C1) and cluster size (A2-C2). 
Central Nervous System (CNS) progenitor 
populations such as Medulloblastoma derived glial 
progenitor cells (MGPCs) as well as retinal 
progenitor cells (RPCs) proliferate and migrate in 
cluster conformations and as single cells. 
Medulloblastoma (MB) is the most prominent form 
of pediatric brain cancer. MB derived cells grow as 
neurospheres and their migration as groups of 
cells is of interest. Retinal progenitors also grow in 
clusters and play a role in repair and regeneration 
of damaged retinal tissue. Retinal degeneration 
that culminates in photoreceptor loss is the leading 
irreversible cause of blindness in the developed 
world1. Restoring sight requires replacement of 
retinal neurons in the damaged neurosensory 
regions of the retina. Stromal derived factor (SDF-
1α/CXCL12) is postulated to be a chemoattractant 
for infiltration of RPCs and retinal restoration. 
BACKGROUND
Figure 1. SDF-1-CXCR4 signaling pathway. With binding and end stage 
of pathways of interest highlighted2. 
RESULTS
Future Work
Figure 3. Gradient with 100ng/mL SDF-1α at the source well and 0 
ng/mL SDF-1α at the sink well. t = 18 hours. 
